Abstract. Tanshinone IIA is a chemical compound extracted from the root of traditional Chinese herb Salvia miltiorrhiza Bunge. Tanshinone IIA has been suggested to possess anti-inflammatory activity and antioxidizing capability. Recently, accumulating results have indicated the antitumor activity of tanshinone IIA; thus, it has attracted increasing attention. In addition, tanshinone IIA has been indicated to attenuate ischemia/reperfusion induced renal injury (I/RIRI); however, little is known regarding the underlying mechanisms involved in this process. In the present study an I/RIRI rat model was used to analyze the effects of tanshinone IIA on myeloperoxidase (MPO), TNF-α and IL-6 activities using ELISA kits. Furthermore, macrophage migration inhibitory factor (MIF), cleaved caspase-3, B-cell lymphoma 2 (Bcl-2) and p38 mitogen-activated protein kinase (MAPK) protein expression levels were evaluated using western blot analysis. The results indicated that tanshinone IIA protected renal function in I/RIRI rats. ELISA demonstrated that tanshinone IIA significantly reduced MIF, TNF-α and IL-6 activities in I/RIRI rats. Western blot analysis showed that tanshinone IIA significantly suppressed MIF, cleaved caspase-3 and p38 MAPK protein expression levels in I/RIRI rats. The present results suggest that tanshinone IIA pretreatment attenuates I/RIRI via the downregulation of MPO expression, inflammation, MIF, cleaved caspase-3 and p38 MAPK.
Introduction
Acute renal failure (ARF) is induced by various causes, presenting as renal function rapid declining in a short time, significant impairment of glomerular filtration function, rapid increasing of blood urea nitrogen and creatinine, water, electrolyte and acid-base balance disorders, and ultimately ARF (1) . Kidney injury caused by ischemia/reperfusion induced renal injury (I/RIRI) is the primary cause of ischemic ARF (2) . The pathogenetic mechanism underlying I/RIRI is complicated, involving free radicals, calcium overload and energy metabolism dysfunction (3) . Previous results suggest that inflammatory medium, adhesion molecules and various cytokines participate in I/RIRI (4) .
I/RIRI refers to damage to tissues and organs after blood perfusion and oxygen delivery, and is the primary cause of ischemic ARF (5, 6) . Kidneys are among the organs that I/RIRI mostly frequently occurs in (7) . I/RIRI is commonly detected on ischemic diseases induced by renal blood flow transient hypoperfusion such as renal artery sclerosis, renal artery or vein embolism, severe trauma, cardiac arrest and hypovolemic shock (8) . Furthermore, I/RIRI is highly frequent following organ transplantation (6) . The occurrence of I/RIRI may trigger acute rejection and induce early allograft function failure, or it may lead to delayed recovery of allograft function, accelerate loss of allograft function and shorten lifespan (9) . The pathogenetic mechanism underlying I/RIRI is complicated, involved in free radical, calcium overloading, energy metabolism dysfunction, inflammatory medium and adhesion molecule, upregulation of cytokines, endothelial dysfunction, abnormal blood rheology and increased apoptosis (10, 11) .
A variety of compounds have been extracted from the roots of the herb Salvia miltiorrhiza for assessment of their clinical utility (12) . In China, S. miltiorrhiza has been widely applied in the treatment of cardiovascular and cerebrovascular diseases (13) . Tanshinone IIA is a key active monomer extracted from S. miltiorrhiza (14) . Previous studies suggest that pre-treatment tanshinone IIA exerts a nerve protective effect against cerebral ischemia reperfusion injury (14, 15) . The protection mechanism may involve B-cell lymphoma-2 (Bcl-2), Bcl-2-associated X protein (Bax) and TRPM7 regulation (16, 17) . Through increasing active removal of oxygen free radicals of glutathione peroxidase, cell apoptosis may be inhibited (18) . Thus, in the present study, tanshinone IIA pretreatment was conducted in I/RIRI model rats, to investigate the possible underlying mechanisms, in order to provide a scientific basis for the development of a novel drug for the treatment of I/RIRI.
Materials and methods
Chemicals. The chemical structure of tanshinone IIA is indicated in Fig. 1 and purchased from Sigma-Aldrich (St. Louis, MO, USA). Urea Nitrogen Diacetylmonoxime Test Kit and Creatinine LiquiColor Test (Kinetic) were purchase from Tiangen Biotech. Co., Ltd. (Beijing, China). ELISA kits for the determination of myeloperoxidase (MPO), tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) and macrophage migration inhibition factor (MIF), and a bicinchoninic acid (BCA) protein assay kit were purchased from the Nanjing Jiancheng Bioengineering Institute (Nanjing, China).
Animals.
A total of 26 adult male Sprague-Dawley rats (weight, 250±20 g), were housed under a 12-h light/dark cycle at a humidity of 60-65% and temperature of 22±3˚C with free access to food and water. The present experiment was approved by the animal experimental ethics committee of Wuhan University (Wuhan, China).
Rat model of I/RIRI. We established an I/RIRI rat model as previously described (1) . Briefly, experiment rats were treated with isoflurane (2.5%) for anesthesia. Animal body temperature was maintained during surgery. I/RIRI model was induced following a right uninephrectomy and the left kidney was ligatured using a non-traumatic aneurysm clip (FE690K; Aesculap AG, Tuttlingen, Germany) for 25 min. Reperfusion was confirmed visually when the color changed. Following surgery, experimental rats were allowed to recover and had free access to water and chow.
Groups and drug administration. Experimental rats were randomly distributed into three groups: Control group (n=6), rats were intraperitoneally injected with saline; Model group (n=10), I/RIRI rats were intraperitoneally injected with saline; and Tan group (n=10), I/RIRI rats were intraperitoneally injected with tanshinone IIA (25 mg/kg body weight) for 10 days. Following treatment, rats were sacrificed by decapitation.
Assessment of heart function. Renal tissue samples from all three groups were measured. The blood urea nitrogen (BUN) and creatinine levels were detected using commercial kits (Tiangen Biotech Co., Ltd.), according to the manufacturer's protocols.
Assessment of MPO activity. Renal tissue samples from all three groups were assessed by measuring MPO activity according to the manufacturer's instructions (Jiancheng Bioengineering Institute). MPO activity from all three groups was measured using a spectrophotometer at 460 nm.
ELISA for assessment of TNF-α, IL-6 and MIF activities.
Renal tissue samples from all three groups were assessed by measuring TNF-α, IL-6 and MIF activities using a commercially obtained ELISA kits according to the manufacturer's instructions (Jiancheng Bioengineering Institute).
Western blot analysis of cleaved caspase-3, Bcl-2 and phosphorylated p38 mitogen-activated protein kinase (p-p38 MAPK).
Renal injury samples from all three groups were collected and extracted using RIPA Lysis Buffer (Beyotime Institute of Biotechnology, Haimen, China) on ice for 30 min, and analyzed using BCA protein assay kit (Jiancheng Bioengineering Institute). Equal quantities of total protein (80 µg) from all three groups were separated using 10% SDS-PAGE and transferred to polyvinylidene difluoride membranes (EMD Millipore, Billerica, MA, USA). The membranes were blocked in 5% non-fat milk with phosphate-buffered saline (PBS)-Tween 20 solution. Primary antibodies against cleaved caspase-3 (1:500; cat. no. sc-9664), Bcl-2 (1:1,000; cat. no. sc-7382), p-p38 MAPK (1:500; cat. no. sc-166182) and β-actin (1:1,000; cat. no. sc-130300) (all purchased from Santa Cruz Biotechnology, Inc., Carlsbad, CA, USA) were used at 4˚C overnight. The membranes were incubated with 5% nonfat milk/PBS-Tween 20 containing horseradish peroxidase-conjugated secondary antibody (1:5,000; goat anti-mouse IgG; cat. no. 6401-05; Amyjet Scientific Inc., Wuhan, China) for 2 h at 37˚C. The membranes were visualized using enhanced chemiluminescence (Thermo Fisher Scientific, Inc., Waltham, MA, USA), and assessed using a Gel Doc 2000 imaging scanner (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Statistics analysis. All data are expressed as the mean ± standard error of the mean. Statistical analysis of data was performed using one-way analysis of variance using SPSS software, version 19.0 (SPSS, Inc., Chicago, IL, USA). A P<0.05 was considered to indicate a statistically significant difference.
Results

Effect of tanshinone IIA on renal function.
To determine the effect of tanshinone IIA on renal function of I/RIRI rats, we measured the BUN and creatinine levels with and without administration of tanshinone IIA. Fig. 2 showed I/RIRI significantly increased the BUN and creatinine levels in I/RIRI rat, compared to those of control rats. Then, relative to I/RIRI group, the BUN and creatinine levels were significantly reduced with administration of tanshinone IIA (Fig. 2) .
Effect of tanshinone IIA on MPO activity. As shown in Fig. 3 , in the I/RIRI rat group, MPO activity was significantly increased compared with that of control group. The promotion of MPO activity in I/RIRI rats was significantly inhibited by the administration of tanshinone IIA, compared with the I/RIRI rat group (Fig. 3) . Effect of tanshinone IIA on proinflammatory cytokines. There was a significant increase in TNF-α and IL-6 activities were observed in I/RIRI rat group, compared with those of control group (Fig. 4) . However, pretreatment with tanshinone IIA significantly mitigated the increase TNF-α and IL-6 activities in I/RIRI rats, compared with I/RIRI rat group (Fig. 4) .
Effect of tanshinone IIA on MIF activity. As shown in Fig. 5 , MIF activity of I/RIRI rat was significantly higher than the control group. Relative to the I/RIRI rat group, tanshinone IIA significantly reduced MIF activity in I/RIRI rats (Fig. 5) .
Effect of tanshinone IIA on cleaved caspase-3. In order to investigate the effect of tanshinone IIA on apoptosis in I/RIRI rats, cleaved caspase-3 protein expression was analyzed using western blot analysis. There was a significant increase in cleaved caspase-3 protein expression of I/RIRI rat, compared with those of control group (Fig. 6) . However, the increase cleaved caspase-3 protein expression of I/RIRI rat was significantly inhibited by pretreatment with tanshinone IIA, compared with the I/RIRI rat group (Fig. 6) .
Effect of tanshinone IIA on Bcl-2 protein expression. To further explore the effect of tanshinone IIA on apoptosis of I/RIRI rat, Bcl-2 protein expression was analyzed using western blot analysis. These results of western blot analysis showed that I/RIRI significantly suppressed the Bcl-2 protein expression in rat, compared with those of control group (Fig. 7) . As shown in Fig. 7 , the suppression of Bcl-2 protein expression was significantly increased by supplementation with tanshinone IIA, compared with the I/RIRI rat group (Fig. 7) .
Effect of tanshinone IIA on p-p38 MAPK protein expression.
To further research the effect of tanshinone IIA on apoptosis of I/RIRI rat, p-p38 MAPK protein expression was analyzed using western blot analysis. Western blot analysis showed that p-p38 MAPK protein expression was significantly higher than that of the control group (Fig. 8) . Following surgery, tanshinone IIA significantly reduced the elevation of p-p38 MAPK protein expression in I/RIRI rat, compared with the I/RIRI rat group (Fig. 8) .
Discussion
Ischemia/reperfusion is a common pathological process in clinical practice. It can be detected following acute hemorrhage, cardio-pulmonary resuscitation, cardiopulmonary bypass heart surgery and organ transplantation surgery (2). However, taking kidney transplantation as an example, ischemia/reperfusion may cause delayed recovery of transplant renal function, and in cases of inducing acute rejection may result in acute heart failure of the transplanted kidney at an early stage (5) . With the application of anti-rejection drugs in clinical contexts, the occurrence rate of acute rejection has decreased to 80% (19) . The year survival rate of transplant kidney has increased from 45 to 90% (19) . Chronic organ damage induced by RIRI has attracted increasing attention (20) . The present results indicate that tanshinone IIA pretreatment normalizes markers of renal function, and reduced BUN and creatinine levels in the I/RIRI-induced rats. These findings are consistent with previous results demonstrating that tanshinone IIA attenuates hepatic (21) and cerebral ischemia/reperfusion injury (14) . MPO primarily exists in the azurophilic granule of neutrophile granulocytes. Its activity can indicates the infiltration degree of neutrophile granulocytes in brain tissue (22) . MPO activity was significantly increased in the ischemic brain tissue of rats at 24 h after I/RIRI, which indicates that I/RIRI is inflammatory reaction participated by neutrophile granulocyte (23) . Previous studies reported that after reduction of I/RIRI, the expression level of intercellular adhesion molecule 1 (ICAM-1) or reduction of neutrophile granulocyte which can reduce I/RIRI and protective effect to renal (24) . In present study, it was found that tanshinone IIA significantly reduced the I/RIRI-induced MPO activity in I/RIRI rats. Chen et al reported that tanshinone IIA reduced cerebral ischemia/reperfusion injury via the inhibition of MPO activity (25) . Inf lammatory reaction is closely associated with I/RIRI. ICAM-1 serves an important role in the key event of inflammatory reaction and accumulation of neutrophile granulocytes (8) . A large number of cytokines generated by I/RIRI, including TNF-α, may promote the expression of ICAM-1 and induce adhesion, aggregation of neutrophile granulocytes on microvascular endothelial cells (9) . It is an indicator of I/RIRI inflammatory reactions in vascular endothelial cells (10) . In the present study, tanshinone IIA significantly mitigated the TNF-α and IL-6 activities in I/RIRI rats. Hu et al demonstrated that tanshinone IIA protects myocardial ischemia reperfusion injury via reducing inflammatory reactions (16) . Yin et al clearly show that tanshinone IIA attenuates the inflammatory response after traumatic injury of the spinal cord in adult rats (26) .
The start action of immune-inflammatory responses induced by I/RIRI on multiple organ dysfunction has been gradually recognized (23) . In recent years, it has been detected through investigation that MIF plays a central role in inflammatory reactions, including activation in T lymphocytes (20) . MIF is generated by a variety of tissues and cells, including pituitary gland tissues, monocyte/macrophages and T lymphocytes (18) . MIF is a proinflammatory mediator and a hormone derived from hypophysis (20) . It can be used as a negative feedback regulator of glucocorticoid physiological activities. The present results demonstrate that tanshinone IIA significantly reduced MIF activity in I/RIRI rats. Chen et al reported that tanshinone IIA reduced cerebral ischemia/reperfusion injury via the inhibition of MIF activity (25) . Furthermore, Zhang et al suggested that tanshinone IIA attenuates seawater aspiration-induced lung injury via the suppression of MIF (12) .
Neuronal death following I/RIRI predominantly present as necrosis and apoptosis (6) . Cell apoptosis is an active process of death under physiological and pathological conditions, and is regulated by internal and external factors (19) . During I/RIRI process, necrosis of neurons and apoptosis are both observed (27) . Necrocytosis is located at central area of ischemia, while cell apoptosis is mainly observed at ischemic penumbra (28) . Previous studies have indicated that I/RIRI apoptosis is regulated by a variety of genes (29) . Caspase-3 is the most critical apoptotic protease in caspases cascade reaction (30) . Caspase-3 plays a role in apoptosis process started by various procedures (19) . It can be activated by splitting of DNA cyclin-dependent kinases to change its structure and promote cell apoptosis (29) . The present data suggest that supplementation with tanshinone IIA significantly inhibited the increase cleaved caspase-3 protein expression in I/RIRI rats. Zhang et al reported that tanshinone IIA protects against ischemia-reperfusion injury by reducing caspase-3 activity in rats (31). Zhou et al suggested that tanshinone IIA attenuates the cerebral ischemic injury via the suppression of caspases-3 (32) .
Bcl-2 is an important antiapoptosis gene, particularly playing a prominent role in ischemia reperfusion injury (11) . The results of this prior study showed that a large number of apoptotic cells occur at distal convoluted renal tubular after renal ischemic reperfusion. Consequently, the distal convoluted tubule after I/RIRI may play a role in anti-apoptosis via Bcl-2 overexpression and thus reduce cell damage (11) . Previous studies also indicate that the antioxygenation of Bcl-2 is indirect (11) . Namely, it may inhibit the generation of superoxide anions, but not the removal of active oxygen directly (33) . The superoxide anion inhibiting effect of Bcl-2 is associated with inhibiting the release of cytochrome C (34) . The present results suggest that supplementation of tanshinone IIA markedly increased Bcl-2 protein expression in I/RIRI rats. Zhou et al showed that tanshinone IIA protects against methylglyoxal-induced injury through Bcl-2 and p38 in human brain microvascular endothelial cells (35) . Zhang et al reported that tanshinone IIA protects against Bcl-2 and Bax expression of spinal ischemia/reperfusion injury rats (18) .
MAPK family is a signal conditioning enzyme connecting AFP receptor and dominant gene expression (36) . It may be activated in cases of external stimulation, such as hypoxic-ischemic, inflammation, low oxygen and aglycemia. It controls the process of adaptation, proliferation, differentiation and apoptosis of cells. P38 MAPK is present within the cytoplasm, and when activated it is rapidly transferred into the nucleus and takes action on corresponding targets within cells (37) . It can activate inferior kinase or a variety of transcriptional regulatory factors, such as ATF-2, Elk-1, CHOP10 and MEF-2C (36, 37) . Furthermore, it can activate MAPK activator protein kinase 2 and 3, and caspase family members (37) . The combination of activated transcription factor and cis-regulatory elements may result in substantial genetic expression associated with apoptosis and is closely related to delayed neuronal death (36) . The present results showed tanshinone IIA significantly reduced the elevation of p-p38 MAPK protein expression in I/RIRI rats. Zhou et al showed that tanshinone IIA protects against methylglyoxal-induced injury through Bcl-2 and p38 in human brain microvascular endothelial cells (35) .
In conclusion, tanshinone IIA pretreatment attenuates I/RIRI, and this effect is mediated partly via he suppression of MPO, inflammatory reaction, MIF, and apoptosis-mediating caspase-3 and p-p38 MAPK in I/RIRI rats.
